MITRAL VALVE PROLAPSE, a common and generally benign condition in which serious problems occur occasionally,'-" is often diagnosed on the basis of characteristic auscultatory findings. The auscultatory features associated with this syndrome include a midsystolic click that may be followed by a late systolic murmur, a late systolic or holosystolic murmur without a click, or the absence of both click and murmur.5-"1 However, a diastolic sound or murmur may also be a part of the auscultatory features of mitral valve prolapse.12 We studied nine patients with mitral valve prolapse who also had a prominent diastolic sound or murmur that appeared to be related to motion of the prolapsing leaflet. These results show that mitral valve prolapse may be associated with sounds and murmurs in diastole as well as systole. The presence of diastolic findings, therefore, should not exclude the possibility of mitral prolapse. The diastolic sound bore a consistent relationship to the time of valvular recoaptation in all nine patients.
Methods
This study included all patients evaluated at the Johns Hopkins Hospital over the past 3 years who had a click or murmur in systole, echocardiographic evidence of mitral valve prolapse, and an early diastolic sound or murmur. Of approximately 150 patients with auscultatory and echocardiographic evidence of mitral prolapse, nine patients met all three criteria. In each patient we obtained a phonocardiogram, an apexcardiogram, carotid pulse tracing and the simultaneous recording of these techniques combined with echocardiography. These tracings were analyzed in detail and correlated with the physical findings.
The echocardiographic examination was performed with the patient in the supine position, rotated Figure 2 shows a phonocardiogram with an apexcardiogram from the same patient. The diastolic sound (X), also well appreciated in both the aortic and left sternal border areas, occurred earlier than the 0 point and the rapid-filling wave of the apexcardiogram. A simultaneous recording of the phonocardiogram from the left sternal border, carotid pulse tracing, and mitral valve echocardiogram is shown in figure 3 . There was marked midsystolic mitral prolapse, which reached maximal posterior displacement at S2 and continued into early diastole. As the arrow indicates, the timing of the diastolic sound coincides with the D point, where the returning prolapsed posterior leaflet recoapted with the anterior mitral leaflet. The sound occurred well before the E point, which is the peak mitral valve opening, where an opening snap would occur.
A phonocardiogram with carotid pulse from another patient, who was referred for evaluation of a diastolic murmur thought to be due to aortic regurgitation, is shown in figure 4 . The A2P2 components split normally with inspiration. A late systolic click introduced a crescendo late systolic murmur. A diastolic decrescendo murmur that ended before the diastolic sound was also well demonstrated. There was a loud diastolic sound, widely separated from A2, that was recorded in both the pulmonic and apical areas. In this same patient, a simultaneous study of echo-, phono-, and apexcardiogram combined ( fig. 5) showed that this diastolic sound again coincided with the D point of the echocardiogram, where the posterior leaflet rejoins the anterior leaflet. Marked midsystolic mitral prolapse continued beyond S2 into early diastole. The diastolic murmur was a continuation of the late systolic murmur, and was a high-frequency, decrescendo murmur that persisted while the leaflet was still prolapsed, and ended before the diastolic sound occurred.
To characterize this diastolic sound further, time intervals between A2 and X were compared with other similar time intervals ( 6 ). It is clear that these points form the line of identity. Linear regression using the method of least squares resulted in a regression coefficient of b -0.96 (SEM = 0.03), and a correlation coefficient of r -0.971. Therefore, the diastolic sound bore a more consistent relationship to the time of valvular coaptation than to other events that were measured. Observations regarding the diastolic murmur in five of the patients revealed that it was a decrescendo murmur that occurred early in diastole and appeared to be a continuation of the systolic murmur. The systolic murmur began at the onset of prolapse and, in a crescendo manner, reached maximal intensity at the time of S2, when the prolapsed leaflet also reached maximal excursion. The murmur then accompanied the return of the prolapsed leaflet in early diastole. As the diastolic murmur terminated, the diastolic sound was heard. In most cases the diastolic portion of the murmur was brief, as in figure 1. Based on ausculta- showed that this murmur persists beyond A2. In the case illustrated in figure 4 , the diastolic murmur could be defined by auscultation. One patient who had a loud early systolic murmur and a decrescendo diastolic murmur that was best heard at the left sternal border was referred for evaluation of aortic stenosis and aortic regurgitation. He underwent cardiac catheterization and angiography, which showed no valvular gradient or incompetence of the aortic valve but did show mitral regurgitation and pansystolic mitral valve prolapse, which was also shown by M-mode and two-dimensional echocardiography. Discussion Eight of the nine patients had, in addition to typical auscultatory and echocardiographic evidence of mitral valve prolapse, a loud, high-frequency sound in early diastole. The diastolic sound occurred when the returning prolapsed posterior mitral leaflet recoapted with the anterior leaflet, after the onset of mitral valve opening. Thus, in effect, this diastolic sound may represent the "closing" of an opening that was transiently created by the prolapse. The temporal relationship between the sound and valve motion does not prove that recoaptation is the cause of the sound, but the precise correlation in each patient in this series strongly supports this mechanism. In each case, prolapse occurred in late systole and the posterior leaflet was displaced into the left atrium at the onset of diastole. We postulate that the force of early left ventricular relaxation may be sufficient to draw the leaflet rapidly back to the normal opening position and that the sound occurs as anterior and posterior leaflets are transiently brought into reapposition.
Although it is possible that this diastolic sound may be associated with pulmonic valve closure, the association appears unlikely for several reasons. The absence of any clinical, electrocardiographic or echocardiographic evidence for a cardiac condition, such as atrial septal defect, that would give rise to a widely split and unusually loud P2 makes it likely that this diastolic sound is not related to pulmonic closure. Further, another sound that had the characteristics of a normal P2 occurred regularly, following A2 by an interval within the normal range and showing the normal inspiratory widening. Also, while P2 is normally well appreciated in the pulmonary area but not at the apex, the diastolic sound of interest was widely transmitted throughout the precordium and was heard maximally at the apex, not in the pulmonary area. In addition, the temporal relationship between the dia-stolic sound and the echocardiographic D point did not vary, but remained constant throughout the recordings, even at different heart rates, making it unlikely that this temporal relationship was coincidental.
Although the early diastolic sound associated with mitral valve prolapse simulates an opening snap and may be thought to have a similar origin, simultaneous echocardiogram and phonocardiogram tracings are helpful in evaluating this possibility. Although a similar sound described in earlier reports was thought to correspond to the E point of the mitral valve echocardiogram in one patient'7 and to coincide approximately with the 0 point of the apexcardiogram in six other patients,4 simultaneous echocardiographic studies were not performed. Figures 2, 3 and 5 show that the diastolic sound clearly occurs well before both the E point of the mitral valve echocardiogram and the 0 point of the apexcardiogram.
The possibility that this early diastolic sound may be associated with rapid ventricular filling (S3) or pericardial knock can also be excluded, as this sound occurs long before the rapid ventricular filling wave of the apexcardiogram and before any meaningful ventricular filling begins. Further, none of the patients had complete atrioventricular block or other cardiac conditions that might give rise to an exaggerated third sound. Although mitral regurgitation may be associated with an exaggerated third sound, a normal echocardiographic atrial dimension in the eight patients with the diastolic sound makes significant mitral regurgitation in these patients unlikely.
The prevalence of the diastolic sound in patients with mitral valve prolapse remains uncertain, but it is likely that this diastolic sound occurs more frequently than formerly though.'2 Hancock and Cohn4 reported a diastolic sound in six of 40 patients (15%) with a midsystolic click. However, no simultaneous echocardiogram-phonocardiogram studies were available to delineate the relationship of this sound to other cardiac events. In the present study, the diastolic sound occurred in approximately 5-8% of patients with mitral valve prolapse. The exact incidence of this finding remains to be determined. The diastolic sound is likely to occur in patients who have prolapse in late systole so that the prolapsed leaflets are positioned well back in the left atrium at the onset of isometric relaxation.
Five of the nine patients had an early diastolic murmur that was decrescendo in character and appeared to be an extension of the systolic murmur. The exact mechanism of this diastolic murmur is uncertain, but it may be related to motion of the prolapsed leaflet. It is possible that this murmur represents a continuation of mitral regurgitation after aortic valve closure during isometric relaxation, when the pressure gradient between left ventricle and atrium persists. This would be more likely if the position of the leaflet were displaced markedly posteriorly, as in severe prolapse. The decrescendo character of this diastolic murmur may reflect a decreasing regurgitant orifice as the prolapsed leaflet returns and moves anteriorly. An alternate and perhaps more likely explanation is that the diastolic orifice size due to posterior prolapse at the onset of left ventricular filling, and as the orifice widens with normal opening, the murmur disappears.
In conclusion, a striking early diastolic sound or murmur was noted in nine patients with auscultatory and echocardiographic evidence of mitral valve prolapse. The diastolic sound occurred when the prolapsed posterior mitral leaflet recoapted with the anterior leaflet, when it may have "closed" the transient opening that resulted from the prolapse. These findings suggest that even when a diastolic sound or murmur best heard at the apex is accompanied by a systolic murmur, mitral valve prolapse may be considered. In patients with midsystolic mitral prolapse, an early diastolic sound may represent the point of valvular recoaptation of the anterior and posterior mitral leaflets.
